The Wnt/b-catenin signaling pathway has been etiologically implicated in the development and progression of colorectal cancer. We studied thirteen single nucleotide polymorphisms (SNPs) located in SFRP3 (rs7775), CTNNB1 (b-catenin) [rs4135385, rs13072632], APC (rs454886, rs459552), LRP6 (rs2075241, rs2284396), DKK4 (rs3763511), DKK3 (rs6485350), TCF4 (rs12255372) and AXIN2 (rs3923086, rs3923087, rs4791171) in patients with colorectal cancer (n = 122) and controls (n = 110). Evaluation of WNT pathway SNPs showed protective association for rs4135385, located in b-catenin. Additionally, variants in SFRP3 (rs7775) and LRP6 (rs2284396) which did not show any association in the overall analysis were significantly associated with female and old aged colorectal cancer patients, respectively. 
Introduction
Colorectal cancer (CRC) is the second most common cause of cancer related mortalities in Saudi Arabia, and the incidence is rising since past decade. Accumulated evidence in the past three decades suggests WNT signaling pathway genes to be mutated in very high proportion of sporadic colorectal tumors. Wnt ligands are a family of 19 glycoproteins which have a key role in early development and tissue homeostasis. Any changes in WNT signaling genes may cause disease including colorectal cancer (Mao et al., 2001; Segditsas and Tomlinson, 2006) . The possible role of WNT genes in cancer has been reported few decades ago in mouse models. Variation in expression levels of WNT1 lead to tumor formation in transgenic mice (Nusse et al., 1984) . Further studies reported that WNT genes promoted stabilization of b-catenin and b-catenin dependent transcription. Axin, APC and GSK3b forms b-catenin destruction complex. Canonical WNT pathway activity is dependent on this complex, which eradicates newly formed b-catenin protein through the ubiquitin-proteasome pathway in the off-state when WNT ligands are not bound to its receptors frizzled and LRP5/6 (Benham-Pyle et al., 2016) . In the on-state, WNT ligands bind to its receptors resulting in cytoplasmic accumulation of b-catenin which than translocates into the nucleus leading to formation of a complex with TCF/LEF family of transcription factors. This complex formation drives transcriptional activation of genes involved in cell proliferation such as c-Myc and Cyclin D (Clevers, 2006) .
The high rate of WNT pathway genes mutations in various cancers emphasizes the significance of WNT/b-catenin signaling pathway in cancer progression. Apart from APC that has been reported to play crucial role in colorectal cancer progression, The Cancer Genome Atlas Network has reported the involvement of several other WNT pathway genes (Anastas and Moon, 2013) . Although mutations in genes such as FZD4, LRP5 and LRP6 that obstruct WNT signaling have been recognized in other diseases, similar WNT-pathway inactivating mutations have not been identified in cancer (Anastas and Moon, 2013) . Most of the WNT pathway gene mutations reported in cancer are found to result in hyperactivation of WNT pathway. b-catenin missense and other mutations are very common in hepatocellular carcinoma and ovarian cancer, whereas deletions and truncation mutations in AXIN1 are commonly observed in hepatocellular carcinoma and colorectal cancers (Giles et al., 2003; Anastas and Moon, 2013) . Thus, in light of the previous reports that provide compelling evidence of the involvement of Wnt signaling pathway in the progression of colorectal cancer, we in the present study evaluated the association of SNPs in WNT signaling pathway genes with susceptibility to colorectal cancer in Saudi population. We investigated 13 germline polymorphisms in 8 genes involved in the Wnt signaling pathway to evaluate their risk association in patients with colorectal cancer.
Materials and methods

Study population
This study was approved by ethical review committee of King Khalid University Hospital, Riyadh, Saudi Arabia and written informed consent was obtained from all participants. The samples comprised of 122 colorectal cancer patients (age 18-82 years, mean age 57 years). Additionally, 110 gender and age matched non-cancer samples were recruited as controls in the present study. 5 ml blood was collected from patients and healthy individuals. Histology and TNM staging were analyzed to verify the diagnosis. Demographic information for the colorectal cancer and control subjects are presented in Table 1 .
Genotyping
The DNA was isolated from colorectal cancer patients and control blood samples using DNA extraction kit (Qiagen, Valencia, CA) according to the manual of manufacturer. A total of 13 SNPs located in eight genes involved in WNT signaling pathway were selected based on previous literature and genotyped using predesigned TaqMan assays using ABI 7500 real-time PCR machine (Applied Biosystems, USA) as previously described (Almutairi et al., 2015) . The SNPs selected were located in SFRP3 (rs7775), APC (rs454886, rs459552), LRP6 (rs2075241, rs2284396), DKK4 (rs3763511), AXIN2 (rs3923086, rs3923087, rs4791171), bcatenin (rs4135385, rs13072632), DKK3 (rs6485350) and TCF4 (rs12255372) genes respectively. Around 10% of the samples were randomly used to reconfirm the results.
Statistical analysis
The Hardy-Weinberg equilibrium was assessed using v2 test for controls and cases. Pearson's goodness-of-fit chi-square (v2) values, odds ratios (OR), 95% confidence intervals (CI), and p values were calculated using SPSS ver 22 to find out the association between genotypes of all the SNPs with colorectal cancer risk as described by Alanazi et al. (2013) .
Results
The demographic characteristics of selected samples are shown in Table 1 .
Association of SNPs with colorectal cancer risk
The study group comprised of 122 patients with histopathologically confirmed colorectal cancer and 110 age and gender matched cancer-free controls (Table 1) . To evaluate the role of WNT pathway genes in colorectal carcinogenesis, we examined 13 SNPs in eight genes of WNT signaling pathway (Table 2) .
Ancestral allele was selected based on NCBI SNP database and used as a reference to calculate the odds to check the association of genotypes and alleles with colorectal cancer. The overall genotype frequencies of the analyzed SNPs and the odds ratio and significance are presented in Table 2 . The allelic frequencies of all tested SNPs were in limits of Hardy-Weinberg equilibrium. The homozygous GG genotype of SNP rs4135385 in the b-catenin gene showed significant protective association (OR: 0.092, p = 0.03) ( Table 2 ). We did not detect any statistically significant association with the risk of developing colorectal cancer for the other twelve SNPs examined in the overall study population (Table 2 ). However, when the samples were segregated based on gender and age at disease diagnosis, SNP rs7775 in SFRP3 gene showed significant protective association in female patients with minor allele Gly (OR 0.397, p = 0.02) as well as with heterozygous Arg/Gly genotype (OR 0.408, p = 0.04 (Table 3) . None of the evaluated SNPs showed significant protective or risk association with colorectal cancer in males (Table 4) as well as in patients whose age at the time of disease diagnosis was below 57 years (Table 5) . Interestingly, the CC genotype of LRP6 gene SNP rs2284396 showed significant protective association with colorectal cancer in patients who were above 57 years of age at the time of disease diagnosis (OR: 0.250, p = 0.021). In the allelic model as well similar protection against colorectal cancer was observed with the C allele of LRP6 SNP rs2284396 in individuals who were above 57 years of age (OR 0.561, p = 0.03) ( Table 6 ).
Discussion
The present study evaluated the association of WNT signaling pathway gene variants with colorectal cancer susceptibility in Saudi population. Three of the 13 SNPs that were examined in this study showed significant decreased risk association with colorectal cancer. Two of the three protectively associated SNPs were found to be in the intron region and only SFRP3 gene SNP rs7775 was in the exon that codes for either Arg (CGC) or Gly (GGC). We found a strong association of the b-catenin gene rs4135385 with a decreased CRC risk. It was observed that individuals carrying GG genotype have approximately 11-fold lower risk of developing colorectal cancer relative to those having AA genotype at rs4135385 of b-catenin. This is in accordance with Wang et al. who investigated the rs4135385 and identified significant association of increased gastric cancer risk in Chinese patients having AG genotype compared to those having GG genotype (Wang et al., 2012) . In our previous study as well we found significant risk association with rs4135385 in breast cancer while the other SNP rs13072632 in b-catenin was not associated (Alanazi et al., 2013) . Zhang et al. reported that there is no association between rs4135385 and acute leukemia (Zhang et al., 2015) .
LRP6 gene SNP rs2284396 showed decreased risk of colorectal cancer in above 57 years old patients with CC genotype and C allele. A fourfold decreased risk of developing CRC was observed in individuals with CC genotype compared to those having TT genotype at rs2284396. SNP rs2284396 as well as other SNPs in LRP6 didn't show any association in diabetes mellitus in Japanese population (Zenibayashi et al., 2008) . However, Bai et al. reported an association of LRP6 SNP rs2284396 with Alzheimer's disease (Bai et al., 2016) . SFRP3 gene showed significant protective association in female patients harbouring minor allele G. The G allele of rs7775 codes for Gly while the C allele codes for Arg. Women having Gly at codon 324 (rs7775) of SFRP3 have 2.5-fold lower risk of developing CRC relative to those have Arg at this locus. Our finding of the strong protection conferred by the GG genotype of rs7775 against that variations in rs7775 significantly increased risk for CRC in German patients (Shanmugam et al., 2007) . Few other studies found no association of this SNP with colorectal cancer (Berndt et al., 2009 ) and osteoarthritis (Loughlin et al., 2004) . Thus, it may be possible that rs7775 brings about different outcome in cooperation with other SNPs and warrants a detailed investigation to demonstrate its role in colorectal carcinogenesis as well as other diseases. Significant risk association of developing colorectal cancer was not observed with 12 of the 13 SNPs examined in AXIN2, APC, SFRP3, LRP6, DKK3, DKK4, and TCF4 as well as with one of the SNPs in b-catenin gene (rs13072632) in the overall study population (Table 2) . Fernández-Rozadilla and colleagues examined a set of 37 SNPs in Wnt and BMP pathways different than those in our study except for rs459552 in APC and observed no association with colorectal cancer in Spanish population (Fernandez-Rozadilla et al., 2010) . It may be conceived that individually these SNPs might be posing little or no risk and may be exerting its effect in combination with other genetic variants or factors. Alternatively, other SNPs in these genes or possibly other genes in the Wnt pathway may have a greater role to play in the initiation of colorectal cancers.
In the present study, we performed pathway based genetic association and identified three SNPs in critical genes in Wnt signaling to be significantly associated with reduced colorectal cancer risk. Genetic variants in SFRP3 (rs7775), b-catenin (rs4135385) and LRP6 (rs2284396) genes correlated with considerable protection against colorectal cancer in our population. Though, the sample size is small in our study, the findings are noteworthy that need to be validated in larger and ethnically diverse groups for the identified potential genetic markers to be used for colorectal cancer screening.
